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WHY WE LIKE TOP QUARK ?

almost all top quark decays and production rates can be
evaluated by means of perturbation theory

e m; ~ 175 GeV —, t-quark properties are vemynusual

as compared to the light quarks, d, s, ¢, b)

e there are no top hadrond/ (tq) A(tqq), T (tt)

1 1
ife(t) = ~
Tiife(t) Ton(m 15 GoV) "™ Ao (~ 0.2 Gov)

Ao ~50%  D(z) fla?
Uncertainty ~ A ® D(2) ® f(¢?)

t w
hh = > v
Ao ~ 10% b

Uncertainty ~ Ac

e only one observable decay channel— bW,
all other SM top decays have very small probabilities

top quark is unigue and powerful 'instrument’ for study of
SM physics as well as for search for manifestation of New
Physics beyond SM
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CURRENT EXPERIMENTAL STATUS

e production cross section
FNAL /s = 1.8 TeV

CDF o = 65717 pb

D) O+f = 59+1.7pb
<oui> = 6.2x1.7 pb

theory O+f = 4.8=+5.2 pb

e t—quark mass

CDF me = 176.1 6.6 GeV
D me = 172.1+£7.1GeV
RPP-2000 m; = 174.3+5.1GeV

e differential distributions

20 ————————————————
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e electroweak (single) top production

theory CDF D0
W* q@' — tb o = 0.754+0.12pb < 18pb < 17pb
Wgqg— q'th o =1.47+£0.22pb < 13pb < 22pb
Wt gb —tW o4 = 0.15 4+ 0.04 pb

e t—quark properties

_ D(t—Wb)
| Vis | > 0.76 at 95% CL (3 generations)
> 0.80 at 90% CL

TWiong 55 715 % (70% theory)

e FCNCdecayst — ¢ Z andt — ¢y
CDF  B(t —~vy(c+u) < 32%(95%CL)

B(t — Z(c+u)) <  33%(95% CL)
LEP-2 B(t — Z(c+uw) < 7% (95% CL)

top production mechanism amdquark properties are
in a well agreement with SM expectations

0:(1.8 GeV) = 5.06 pb, 0;(14 GeV) = 830 pb

ILHC 160
OFNAL

LHC will be a top—factory machin&/,;(100 fb~*) ~ 10°
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¢t t pair production

gg — tt

LA <

tt pair productions cross section and inclusive distributions
are calculated aP(«a?) and resummation of enhanced lead-
ing logarithms has been also performed

scale uncertaintyu{r = m/2, ..., 2my)

givesdo;r(ur) ~ 6%

PDF dependence of,; is also studiedAc(PDF) ~ 10%

Aa'tf

Ott

= 12%, = o(LHC)=2830%99 pb

e an accurate determination of the top quark production cross
section provides an independent indirect determination;of

A A

29 . 5 my

o my

Ao ~ 5%, — Amy~ 1% ~ 2 GeV
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e pr and M,z distributions are under good control

scale variation = 15%,
PDF choice = 10%

e non-QCD contributions, EW, SUSY EW, SUSY QCD,

all these contributions can enhanaged by ~ 10% close to
threshold/s > 2m., but after the convolution with PDF
their contributions to totait rate become much smaller

for |oNE° — 65°| /o E° one has

SM (Mg = 100 GeV) | G2HDM | SUSY EW| SUSY QCD
3.5% T<4% | <10% | <4%

e do;;/dM;; 1S sensitive to new heavy objects (Higgs:)

e the measurement af,; at LHC will be limited by the un-
certainty of the integrated luminosity 5 + 10%
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top mass measurements

e semileptonict decays l(ars Sonnenschéin

pp — tt _
s (bW Y(BW) sief y
— 2bjets + 2qjets 71,

) b jet\\\l‘
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e dileptonictt decays R. Kaur, S.B. Beri, J.M. Kohli)
tt — bWTBW ™ — eTuToubb

correlation betweed/ (e 1) andm; = dm; < 2 GeV

e m; from¢ — ¢J /vy X decays Q. Kharchilava)

t — bW, Wt =y, b— J/YpX, =t — L]/

S/

M (¢ J/+) is correlated ton

opinjet,pr(pn) >4 GeV,|n,| < 2.4

o isolated leptonpr(¢) > 15 GeV, |n¢| < 2.4

o pfromJ/y, pr(p) > 4 GeV,|n.| < 2.4

fitting maximum of theM (¢ J /+) spectrum with a Gaussian
typical statistical error o/ (¢ J /1) is < 0.5 GeV

— total error (stat.+syst.) i&m: < 1 GeV
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EW PRODUCTION OF TOP QUARK

e electroweak top-quark quarks production provides to inves-
tigate

o structure ofi¥tb vertex

¢ value of CKM matrix element,

¢ search for New Physics

el =1.53GeV= 790 =4.3-10"% s
I':o: andVy, could not measured directly top decays

Vio|?

B(t bW) =
E W)= o VT VP

~ 1

on the other hand gy (top) o< |Vip|*
e single top at LHC can be produced via three subprocesses

W g fusion Wt W

0-10
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o(Wg) = 245+ 30 pb
o(tW) = 6010 pb
o(W*) = 10+1pb

three channels of single top production have different sensi-
tivities to New Physics

e new heavy charged bosond’(, H™,...) may increaseb (
W* channel) cross section

q t t

G(W*)New G(W*)SM
o(Wg) o(Wg)

e W g channel sensitive to top couplings with other SM par-
ticles (FCNC, etc)

0-11
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both CMS and ATLAS have investigated the possibility to
investigate all three channels

¢ all three channels could be separated
& basic uncertainty comes frofo (t)eap)
o 0 |Vip| < 5% could be achieved

Tevatron LHC
RUNI | RUN I
do (tt) 27% 9% (5 +10)%
dmy 3% 1.5% 0.7%
OV = 13% 5%

0-12
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TOP QUARK DECAYS

perturbation theory can be used for description of top decays
(3 generations>- Vy, =~ 1)

in the SM the decay — bW is by far the dominant one

3
?f ~ 1.55 GeV
w

Tiot =~ D(t — W) =~ 0.17 GeV| Vi |

otherqW decay widths are very smah(|V;,|*)

B(t —sW) = (1.23+1.76) x107°
B(t —dW) = (0.16+-1.71) x 107"

any experimental evidence for rare top-quark
process (production or decay) would be an in-
dication of a New Physics beyond SM

0-13
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et — bW H almost closed within SM
ot — bW Zis very sensitive to the mass of top quark,
m:s = mp +mw + mz

10. 179.
B(t >bWZ)=| 54 | x107" for m; =< 173.8 GeV
3.4 168.6
ot — cWT W~ is suppressed due to GIM mechanism,
—_— . *

j:

W W=

t - - C
b+s+d
o new 4" generation may provide a significant contribution
to W+ W~ q decay mode,
for newd’-quark withm;, = 100 (300) GeV

Bt — Wb (— W ¢) ~107%(107")
ot —c/L

B(t — cZZ)sy =~ 10713
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et — jet + ‘isolated’ meson
t — B q“exclusive” decays (on-sheW), B = By, Bs, T, x
b
t B

IS very sensitive tgfp(~ W (0)) and tom;/mp ratio

B(t — Tq, xbq) ~ 1077
B(t — B°(Bs)q) ~107°

et — bM “exclusive” decays (off-shellV), M = =1, K™, DT, ...

t—>

B(t —br) ~107°
B(t — bDs) ~ 1077
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TOP QUARK ANOMALOUS INTERACTIONS

¢ New Physics (beyond SM) can manifest itself by different
ways

e anomalousg;tt couplings

e anomalous¥’tb couplings

e Flavour Changing Neutral Current (FCNC)
e new bosons®=*, W', Wg, Z', nr, pr, ...)

e extra dimensions, ...

different interactions could affect on the same observ-
able quantities

0-16
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top decays due to FCNC

e Flavour Changing NeutrdFCN) interactions with &op-
quark,t — qV,q=uorec,V =g,v, 2

t—qg

t—q7
t— q/

are highly suppressed within the SM

Z,y

New Physics beyond the SM could increase the probability
of these processes
SM two-Higgs SUSY

B(t —cg) 5-107" 10~° 1073
B(t -cy) 5-1071"° 10~° 107°
B(t —cZ) ~107%° 1077 10~*

e Current constraints

CDF : B(t — ey +uy) <32% (95% CL)
CDF : B(t — ¢Z +uZ) < 33% (95% CL)
LEP2 : B(t — ¢Z +uZ) < 7% (95% CL)

0-17
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two possibilities are considered for searchesHGNC

¢ top quarks production due tCN interactions
gu — t, gu — tg, gu — tZ, uu — tt, etc

¢ rare top decays
t—q9, t—qy, t—qZ

e (¢ pair production
pp — ttX, t—qV, t - DWW — ev, uv)
at\/s =14 TeV, [ Ldt =100 fb~" , PDF CTEQ5L
e number of signal eventsS are calculated with
Bo(t = uV +c¢V)=10x10"° V=g,7,2

'reachablebranching ratio for — ¢V decay is evaluated by
using the criterion

S 30
> —, CL = 99%
VSiBivE~ 2 R

0-18
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e background procesg,/s = 14 TeV)

tt (600 pb)

single top (240 pb)

W(— e, u) + jets (~ 7500 pb fork+ > 20 GeV)
WW +WZ+ ZZ (110 pb)

W~ (17.3 pb)

O R R O R

e B-tagging CMSJET:
efficiency(B-tag)~ 60%,
mistagging(’) ~ 10%,
mistaggingg, ¢) ~ (1 +2) %

0-19
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t — qv decay

tt — v+ 15+ > 2jets

minimal signature (PRECUT)

o one isolatedhotonwith E+ > 75 GeV, |n,| < 2.5
o one isolatedeptonwith P+ > 15 GeV, |n.| < 2.5
o two jets withE+ > 20 GeV, |ns| < 4.5

additional cuts

(M (j~v) —me| < 15GeV, | M(j W) —m:| < 25 GeV,jet
veto: no additional jets witlli+ > 30 (50) GeV

not B-jetin (j + ) system and3-jetin (j + W)

number of events

signal | bkg.
precut | 6692 | 25252
all cuts| 628 38

Breachable = 2.0 X 10_5

0-20
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t — gg decay

tt — v+ 1T+ > 3jets

minimal signature (PRECUT)
o isolatedleptonwith P+ > 15 GeV, |nr| < 2.5
o three jets withE+ > 20 GeV, |ns| < 4.5

© one B-tagged jet
additional cuts

| M(B W) —mq|and|M(j1 j2) — m¢| < 25 GeV
jet veto: no other jets witle + > 20 (50) GeV

|M(BW) — M(j1j2)| <20GeV
|Pr(BW) + Pt (j1j2)| < 20 GeV
P+(BW) > 100 GeV

number of events
signal bkg.
precut | 3559 | 4.0 x 10°
all cuts 233 14762
Breachable = 1.6 x 107°
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t — ¢/ decay

tt — 31T+ > 2jets

minimal signature (PRECUT)
o three isolatedeptonswith P+ > 15 GeV, [nr| < 2.5
o two jets with E+ > 20 (50) GeV,|ns| < 4.5
© one B-tagged jet
o Z-boson with| M+, — Mz| < 15 GeV
additional cuts
IM(BW) —m¢|and|M(Z j) — m¢| < 25 GeV
jet veto: no other jets witliz — > 20 (50) GeV
Pt (Z) > 75 GeV

number of events

signal | bkg.
precut 143 | 35.2
all cuts 31 3.9
Breachable =1.63 x 107*
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Decays versus Production

FCNinteractions lead to several processesagfiark produc-
tion

g
gu >t 2—=>1) t
u(c)
(2->2)
aq —>tec
gg ->tc
gq —>tg
qq — ic gg — tc

atbad

‘double” top

a9 > tt g+~yv+Z

& = - t

0-23
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e to compare wittiop quark production processes we assume
that only one flavour ('up’ or 'charm’) contributes ©CN
Interaction

decay production
t—ug | 1.6 x107° | (0.3+5.) x 107"
t—cg | 1.6 x107° | (2.1 +22.) x107°
t—uy | 25x107° | 0.4 x107°
t—cy | 25x107° | 3.5 x107°
t—uZ | 1.6x107* | 1.1 x 10~*
t—cZ | 1.6 x107* | 4.8 x 1074

FCNC summary

Runl | Run I LHC
t—qqg | — 6. x107* | 1.x10°°
t—qy | 0032 ]28x107° | 2. x107°
t—-uZ | 033 [ 13x10° | 15x10""
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Expectations for charged Higgs in CI\/'S

CDF + D0 search for decay — bH ™, while at LEP-2 the
direct production off T H~ is investigated

M, (GeV)
00

107
tan

e light charged Higgs =) with Mg < m; — ms could be
discovered in top quark decays

pp — ttX, t(t) — Hb, H® — 75u

t — bW, W — ell*v,t — bH*, Ht — 7v (S. Banerjee,
M. Maity)

two signatures: decreasing of 1~ pairs yield and increas-
Ing e(u) 7 pairs production

for £ = 30 fb~! charged Higgs could be discovered fok
tan 0 < 40 andM 5+ < 160 GeV
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for heavy charged Higgsi/y > m. we can study direct
production of 7 *

gb—>tHi, gg—>tl_7Hi with HE — Til/, tb
¢ — H™ — 1v, tb

largest reach obtained i+ — 7v, 7 — hadronic jet
thanks to the- polarisation effects

e for any tan 3 7-leptons fromH* and W+ decays have
opposite polarisations

Lw xiv 71 —=~")7 Ly xiv (1+~")7

W 71(«—) = vi(—)m = pr<pr, Pv~Dr
H 7r(—) = vi(—)m = px~pr, P L pr

W/H separationR;, = -2

ETjet

)000 £
3000 [
)000 F
3000 F

0 :I |III|III‘III‘III‘III _J_IIlIIIlIII
0 0.20.40.60.8 1 1.21.41.61.8 2

100 E_ MH=200 GGV

50 |

L Illllllll‘lll‘lll‘lll 1 Illllllllgl
0 0.20.40.60.8 1 1.21.41.61.8 2
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e M(H%) could be determined from a fit to/+ distribution
M+ = 2Pt Ermis(1 —cosor g, ..)

however,P(.J,) # p(1), J» = T-jet

B.W. N B.W.
VME - ME /Mg - M3

® (1 — Jr)

BW./(M3- M) O 1 - et
2500 |- 70 ;
2000 - 2 212 o0 ?
[ BW./(M2-MD) 50 |
1500 a0 |
1000 30 [
20 |
500 -
10 o

0 | | | | O 5 ‘ | ‘ | ‘ | ‘
0 50 100 150 200 0 50 100 150 200

M M

T T
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e 7 — jet can be described in terms fvhgmentation func-
tion D(z) with z = p(J;)/pT(7)

100 |

80

60

40

20

O B N W »~ 00 O

D(z) x 2%(z0 — 2)°

- M,, =200 GeV

1 1.5
Pr(T-jet)/pr(v)

PEPRRE

©cooo0
ONDMNOOENDMOO O®

| ‘1 .5
pr(t-i€t)/p; (D)
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o gb— tH* andgg — tbH*
with H= — 7%u, tb

! !
——  T——
i -
.- - -
b 1 b

Comparison of PYTHIA cross section with theory

N LA B T
bg -> tH?* insPYTHIA |
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event selection

T selection: jet,F+ > 100 GeV, |n| < 2.5 containing one
track with R, = prn/E; > 0.8, AR(j, track) < 0.1

E™ss > 100 GeV

top quark— 3jets, second top veto

Signal superimposed on the total background, 3*10*pb™!

tanf3 =40

8 & 200 GeV

- I my = e
SHR m, = 400 GeV o A
-~ N myy, = 217GeV
g = myy, = 409 GeV b H+
=) [ £ 05|
w 20T o [ .
M b g ~ 83 signal events
B [ & 20 -
< 15 u= F J
Wl [ o L
¥ . . 2 15}
g L ~ 34 signal events T
- i ; TR

sl :
- 5L
C; S0 190 150 200 250 300 350 400 450 300 a] C

mel T jet. E™™) (GeV) 0 S0 100 150 200 250 300

my(7—jet,E™) (GeV)
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e charged Higgs can be producedhthannel process due to
annihilation of the light quarks

a7 — H-, q(¢) = d,u,s,c,b

with I+ — 70

Ur Ur
> H < W+
- +

e cross section production,(qg¢ — HT), has strong depen-
dence on the light quark masses

o(g — Hi) X (mi cot® B + m2 tan” B)
e RPP values forn, are used

mg = 9 MeV ms = 150 MeV mp = 4.8 GeV
m, =5MeV m.=1.25GeV

e My = 200 + 400 GeV andtan 3 = 50

olpp — HT — 7vX)~5 pb at My = 200 GeV
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e cross section production (LO + NLO calculations)
for tan 3 = 50

a(pb)

Vs=14TeV

pp_,HiX

w.opp-o HX, H - T

-1
10

150 200 250 300 350 400 450 500
M, (GeV)

for tan 6 > 10 andM (H) > m. one has
B(H — 7%v) = const = o(H* — 7v) o tan® 3
fortan 8 > 10 = tan (3 o< /N for fixed M (H)
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e most important background comes from

o — W*E = 10, o(W) ~ 2.4 x 10* pb

e signal/background separation

<

explicitly oner-jet, Er. > 50 GeV |n| < 2.0

Reone = 0.4, rg = 0.15, only one charged prong
with Eprong > 10 GeV, (E —+ H)0.15/(E + H)0.4 >
0.92, Fo.15/Fo.4 > 0.92, Hp.14/FEo.15 > 0.1

Rn = Eprong/E+ > 0.80
no additional hadronic jets with+ > 20 GeV
ETmis > 50 GeV

MT — QPT(J)ETmzs(l — COS ¢TETmis)

100 GeV, f Ldt = 30 b1

M, input

200

250

300

400

Bkg.

NC’U

1627

344

129

35

1756

Ng

VNs+Np

28

7.5

3.0

0.83
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large number of signal events- 10?) gives the possibility to
determineM g from a fit to M—-distribution with a function

FO/D( )dz\/MJ%w M2

whereD(Z) is ther — jet fragmentation function

[ M, =200 GeV 2 ;—MH =400 GeV
250 C M, =209 14 GeV 1 75 | Mg =413+47GeV
200 1.5 |
i 1.25 |
150 [ g
i 1 F
100 |- 0.75 |
' 0.5 F
50 | :
0.25 —
0 1 1 | | 1 | | 1 0 : 1
0 200 4Q0 0 200 400
MT(]’ ETm'Ls) M"['(.]s ETmLs)

and the background/-distribution is parametrized by

exp(ao + a1 Mt + as M%)
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M i+ and thesignalandbackgroundnormalisations are con-
sidered as free parameters
fit results: Ng(fit) = 1694, while Ng(gen) = 1756

' Nfit
\/NB TNy
200 202. £ 2.1 1627 1444 25.8
300 305. £+ 20. 128 115 2.7
400 392. 4 42. 35 41 1.0
bkg. 1756 | 1694
10°F -

. - Mg, =305% 19 GeV
102l 102 M, =300GeV
10 = 10 3

1 = 1l =
EIIIIIIIIlIIIIlIIIIlIIII EIIIIIIIIlIIIIlIIIIlIIII
0 100 200 2300 400 500 0 100 200 300 400 500

MTGEt’ ETm'Ls)
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¢ tan S measurement
tan 3 can be obtained from the fit resulMﬁt andNg

o(HT) x tan® 8 = tan 3 x v/ Ns(fit)

for M(H) = 200 GeV

tan 3 50 40 30

M i 201 + 2 203 + 3 205 + 5
tan By || 48.3+£2.6 | 39.3+4.1 | 31.34+5.2
tan 3 20 15

M i 2124+ 13 | 222428

tan B¢ || 19.8 7.6 | 16.24+10.6
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expected measurement errors (statistical only)
for My = 200 GeV

My < 6% fortan 3 > 15

dtan B = (5 + 65)% for tan 315 div50

M

230 [ -
905 [ M(H®) =200 GeV

220 |
215 |

210 |
205 | % +

200 | Q
195 |

190:\H\\\H\\HH\\\H\H\\\\\H\HH\HH\HH\HH
10 15 20 25 30 35 40 45 50 55 60
tan3

(ts%n Brit
- M(H®) = 200 GeV
50

fit

40 |
30 |

20 |

10 [

o bl
10 15 20 25 30 35 40 45 50 55
tan3

60
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e expected discovery limit

Ng > 5
vV Ns + N5

So-sigma discovery contours for charged Higgs in CM$S

| I | 4 _1
> CMS, 3 x 107pb
STO &
+4
XI
- o
40 |- A
ol ! -
c i T
o | *
o 4
30 [ =
20 & ne stop mixing
: M‘SUSY = 1 TEV
10 |- \/\
| Excluded by Il_EF" I I I I I N
0 100 200 300 400 500 600 700 800
M, (GeV)
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e charged Higgs contribution into tb production

qf — H*"(W™) — tb

0 g t
() b § b

o(pb) E,,=14TeV qg- (W +H)tb

18 £ ) I seV

g b

: _tb N7

1%;n B

pT andn-distributions of top quark and its decay products
resulted fromiV (SM) andH* exchange have similar shapes
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Conclusions

top quark production and decay processes could be in-
vestigated in CMS with high precision

top mass could be measured with0.7% errors

cross section fott pair production could be measured
with ~ 10% accuracy

CMS sensitivity for|Viy| is 6| V| ~ (5 — 10)%

top production would provide much better constraints
on FCN top-gluon couplingB(t — ¢g) ~ 1075

searches for rare processes with top quark (decays
qy, t — gZ and production) make possible to reach
B(t — qy) ~ 25 x 107° andB(t — qZ) ~
1.5 x 10™*

heavy charged Higgs could be discovered in CMS In
a large part of the parameter space
(for tan 3 > 10 and up toM;; ~ 500 GeV

largest reach and an almost background-free signal
could be obtained withH ™ production,.H™ — v,
T — hadronst — qq¢’b

mass determination in the expected discovery range
possible with

< 2% precision forgb — tH, H — Tv

< 6% precision forqg" — H — 1v
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